Relying on the variational principle, it is proved that new contradictions emerge from an analysis of the Lagrangian density of the Klein-Gordon field: normalization problems arise; interaction with external electromagnetic fields cannot take place; the classical limit fails to exist and the mass of a Klein-Gordon particle is an entity which differs from that of ordinary matter. By contrast, the Dirac equation is free of these problems. It is concluded that the Klein-Gordon equation can be used only on a phenomenological basis.
The Klein-Gordon (KG) equation (called also Schroedinger's relativistic wave equation) (2 + m 2 )ψ = 0 (1) was proposed by several authors at the very early days of quantum mechanics (see [1] , bottom of p. 25). Difficulties arising from this equation have been pointed out soon after its publication. In particular, it has been claimed that, as a second order equation of the time derivative, solutions of the KG equation cannot represent local probability of a particle (see [2] p. 7]). These problems have motivated Dirac to construct his linear relativistic equation, now regarded as the relativistic form of the Schroedinger equation for a spin-
The debate about the KG equation has lasted for many decades. Dirac has continued to claim that the KG equation is unacceptable [3] . A contradictory point of view argues that problems of the KG equation can be settled and that Dirac's point of view is incorrect (see [1] , second column of p. 24).
Today, the KG equation is used as the equation equation of motion of a massive spinless particle and it can be found in some books discussing classical field theory ([4]- [6] ) and in many books on quantum field theory(see e.g. [2] , p. 21, [6] and [7] ).
This work uses units whereh = c = 1. In these units, a shorthand notation of dimensions of physical quantities is used. Thus, mass, energy, momentum, electromagnetic potentials and acceleration have the dimension The Lagrangian density of the KG equation of a free particle is (see [7] , p. 26)
For the simplicity of the notation, the KG real field is examined (see [7] , p. 26). It turns out that the results obtained below hold for the complex KG field as well. Applying the Euler-Lagrange equation (see, e.g. [7] , p. 17)
to the Lagrangian density (2), one obtains the KG equation of a free particle Hence, in order to satisfy the dimensions of requirement B, another factor φ should be added. Thus, the candidate for the interaction term is
where the coefficient e represent the dimensionless elementary electric charge (e 2 ≃ 1/137). Now applying the Euler-Lagrange equation (3) to (5), one obtains 3 terms
Here, the first and the last terms cancel each other and the second term vanishes, due to the Lorentz gauge A µ ,µ = 0. This outcome means that an external electromagnetic field does not affect the motion of a KG particle.
Hence the proof that the real KG field cannot interact with an external electromagnetic field is established. This result means that a KG particle cannot carry electric charge.
Another problem emerges in circumstances where the classical limit of quantum mechanics holds. Here the action is an important quantity because it is proportional to the phase of the wave function [9, 10] . In the case of a free classical particle, one may use the Lagrangian (see [11] , p. 25)
Thus, the particle's action is
Hence, the action of a free classical particle is proportional to its mass m.
On the other hand, the action of a free KG particle which corresponds to (8) is obtained from its Lagrangian density (2)
This result proves that in the case of a free KG particle, the expression for the action is quadratic in the particle's mass and is inconsistent with (8) .
An analogous contradiction arises if one examines Einstein's equations for the gravitational field (see [11] , p. 276)
Here T µν is the energy-momentum tensor of matter and of the electromagnetic fields and k is the gravitational constant.
The energy-momentum tensor can be derived from the Lagrangian density in more than one way (see [11] , pp. 77-80, 270-273). It is shown that for this purpose, one applies operations which are linear and homogeneous in the Lagrangian density. Now, for ordinary matter the energy-momentum tensor is proportional to the mass density (see [11] , p. 82). On the other hand, the energy-momentum tensor obtained from the KG Lagrangian density (2) is clearly a quadratic function of the mass density. Hence, the mass of a KG particle is a new physical entity which differs from the mass of ordinary matter. As such, the symbol m used in the KG equation (1) should not be interpreted as mass.
It is interesting to note that the Dirac field is free of the 4 discrepancies derived above for the KG field. Indeed, the Lagrangian density of a free Dirac particle is (see [7] , p. 54, [4] , p. 102 and [6] , p. 126)
Here the dimension of ψ is [L −3/2 ] and that ofψψ is [L −3 ], as required for a function representing probability density. The electromagnetic interaction 6 term of the Dirac field is the well known quantity(see [7] , p. 84, [4] , p. 102 and [6] , p. 135)
Also (11) is linear in the particle's mass density and there is no problem with the action and the energy-momentum tensor.
Several conclusions can be derived from the results obtained above. The following lines probably do not exhaust this issue.
As explained, the results hold for quantum mechanics and for its classical limit. However, quantum field theory is a covering theory of quantum mechanics [8] . Thus, if a KG particle cannot be described in the validity domain of quantum mechanics then it cannot be described by quantum field theory.
This conclusion holds at least if the KG particle can be in states where ordinary quantum mechanics holds. Moreover, quantum field theory of a KG particle cannot rely on the Lagrangian density (2) .
The 0 − π mesons cannot be regarded as KG particles. Indeed, charged π mesons are found in a free state, very far away from the interaction region and the classical limit holds in this case. Thus, since a KG particle cannot carry electric charge, one concludes that the π ± mesons are not KG particles.
Isospin symmetry extends this conclusion to the π 0 meson.
On the other hand, it should be stated that this work does not deny the usage of the KG equation as a phenomenological equation. Indeed, by definition, a phenomenological equation is evaluated mainly (or only) by its usefulness in describing a specific set of data. This kind of evaluation is of a practical nature and is immune to theoretical counter-arguments. The case of the π mesons illustrates this issue. It is now known that a π meson is not an elementary particle but a bound system of a quark and an antiquark.
Thus, in low energy experiments, where excitations of the 0 − state can be ignored, a π meson may be regarded as an elementary object and the KG equation may be used. This approach pertains also to bound states of a proton and a π − meson.
